Multiple Endocrine Neoplasia Type 2 (MEN 2A and MEN 2B )
The prevalence of MEN2 syndrome is 2.5 per 100,000 in the general population. MEN2 is sub classified into three syndromes: MEN2A; MEN2B; and familial medullary thyroid cancer (FMTC). Multiple endocrine neoplasia type 2 (MEN2A) is characterized by pheochromocytoma (usually bilateral and may be asynchronous), medullary thyroid carcinoma (MTC), and hyperparathyroidism due to primary parathyroid hyperplasia (Noumann et al., 1993) . The respective frequency of these tumors in MEN2 is over 90 percent for medullary thyroid cancer, approximately 40 to 50 percent for pheochromocytoma, and 10 to 20 percent for multigland. MEN2A is a heritable predisposition to medullary thyroid cancer, pheochromocytoma, and primary parathyroid hyperplasia. MEN2B shares the inherited predisposition to medullary thyroid cancer and pheochromocytoma that occurs in MEN2A. But in patients with MEN2B other clinical disorders including mucosal neuromas, typically involving the lips and tongue, and intestinal ganglioneuromas have to be considered. FMTC is a variant of MEN2A, which is associated with medullary thyroid cancer but not the other clinical manifestations of MEN2 syndromes (Brandi etal., 2001; Pacak et al., 2005 ) . In patients with MEN2B, Medullary thyroid cancer is often more aggressive and of earlier onset than in MEN2A; so; early diagnosis and prevention are particularly critical (Donovan et al., 1989; Mathew et al., 1987) . In contrast to MEN1, early diagnosis via screening of "at-risk" family members in MEN2A kindreds is essential because medullary thyroid cancer is a life-threatening disease that can be prevented by early thyroidectomy DNA testing has been the best screening test for this disorder since it was recognized that affected patients have germ-line mutations in the RET proto-oncogene on chromosome 10. Numerous activating mutations throughout the RET proto-oncogene have been documented in persons with MEN 2A and pheochromocytoma is associated most frequently with mutations in codon 634 (in exon 11). MEN 2B is associated with mutations primarily in codon 918 (in exon 16) of the RET proto-oncogene (Mulligan et al., 1994; Carlson et al.,1994) .
VHL syndrome
Von Hippel-Lindau (VHL) disease represents an alteration on VHL protein. The major physiological function of the VHL protein is to promote degradation of hypoxia-inducible factor (HIF1) that is a major factor involved in the regulation of hypoxia-related gene transcription ( Figure 1 ). Von Hippel-Lindau (VHL) disease is manifested by a variety of benign and malignant tumors. The VHL phenotype includes pheochromocytoma (frequently bilateral), paraganglioma (rarely), retinal angiomas, cerebellar hemangioblastoma, epididymal cystadenoma, renal 296, 1886 Jung-Hyun Min, et al. Structure of an HIF-1a-pVHL Complex: Hydroxyproline Recognition in Signaling ] is indicated with a circle, and a view of the same hydroxyproline residue (stick) is shown in the inset image, alongside with some of the pVHL residues (labelled) that are located in its proximity. Mutations happening in these residues could be deleterious to the interaction between pVHL and HIF, and possibly involved in the disease phenotype. (This image has been created using PyMOL).
and pancreatic cysts, pancreatic neuroendocrine tumors, and renal cell carcinoma (RCC) (Hasani Ranjbar etal., 2009; Lonser et al.,2003; Patocs et al.,2008) . VHL disease is divided into types I and II, based upon the likelihood of developing pheochromocytoma (Zbar et al., 1996) . Type II families are more likely to carry a missense mutation in the VHL gene and are at higher risk for developing pheochromocytoma. Type II disease is subdivided based upon the risk of developing of RCC. Type IIA and IIB families have a low and high incidence of RCC, res p e c t i v e l y , w h i l e t y p e I I C k i n d r e d s a r e characterized by the development of pheochromocytomas only, without RCC or hemangioblastoma. Patients in kindreds with type I disease have a substantially lower risk of developing pheochromocytomas (Gomy et al., 2010 (Ciotti et al., 2009 ). The VHL tumor suppressor gene is located on chromosome 3p25-26. More than 300 germline VHL mutations have been identified that lead to loss of function of the VHL protein (Kim & Kaelin,2004; Cruz et al., 2007) . Missense, nonsense and splice site mutations, microdeletions and microinsertions are detected in approximately two-thirds of the families. Exon or entire gene deletions are found in 20-30% of the VHL families. Recently, real time quantitative PCR (RQ-PCR) and multiplex ligation-dependent probe amplification assay (MLPA) strategies have been proposed for detection of VHL deletions (Ciotti et al., 2009) . Specific VHL gene mutations appear to correlate with clinical phenotype. About 95% of patients with VHL truncating or null mutations have VHL1 (without pheochromocytoma).
In patients with VHL syndrome and pheochromocytoma(VHL2) 92-98% have missense mutations.
Neurofibromatosis type 1
Neurofibromatosis, or NF, is the term given to two neurocutaneous genetic conditions. Neurofibromatosis type 1, also known as von Recklinghausen's is the most common type of neurofibromatosis. The incidence of approximately 1 in 2600 to 1 in 3000 individuals (Lammert et al.,2005) . Approximately one-half of the cases are familial; the remainder are new mutations (North K, 1993) . The hallmarks of NF1 are the multiple café-au-lait spots (CALS) and associated cutaneous neurofibromas. Pheochromocytoma has been clinically identified in 0.1 to 5.7 percent of patients with NF. The NF1 gene has been mapped to chromosome 17q11.2 and cloned (ledbetter et al 1989; Shen et al., 1996; Feldkamp et al., 1998) . Mutations in the NF1 gene result in loss of functional protein, causing the wide spectrum of clinical findings including NF1-associated tumors.
No obvious genotype-phenotype correlation between small mutations (<20 base pairs) of the NF1 gene and a specific phenotype have been demonstrated, with the exception of the c.2970-2972 delAAT (p.M990del) mutation that is associated with a very mild phenotype in the majority of cases (Upadhyaya, et al., 2007) . Genetic testing for NF1 is available but is not routinely performed, as the diagnosis is made based upon clinical phenotype.
Familial paraganglioma
Initial suggestion of genetic clustering of paraganglioma tumors date back to 1930, but mode of inheritance which is to be autosomal dominant with maternal imprinting in some cases was found by Van Der Mey in 1989. Later, several familial clusters of pheochromocytoma/paraganglima were described and defined as paraganglioma syndrome PGL1 through PGL4. PGL1 is to be related to mutation in the SDHD gene, PGL2 to SDH5, PGL3 to mutation in SDHC and PGL4 to SDHB. SDH-related tumorigenesis is believed to associate with hypoxia-inducible factor (HIF)/angiogenesis pathway (Kantorovich et al., 2010; López-Jiménez et al.,2010) . In this chapter three families with different forms of familial pheochromocytoma has been shown. All of the presented patients have had malignant pheochromocytoma and an unusual presentation.
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Patients and data collection
Three families with familial pheochromocytoma were evaluated for past medical history and complete physical examination in endocrine ward, Shariati hospital, Tehran University of Medical science. The case-notes and hospital databases were examined for additional required data. The tumor size was taken as the widest diameter recorded on pathological report or radiological, if the tumor had not been removed. Operative reports were reviewed to determine intra operative findings and types of surgical procedures. If there was evidence of extra-adrenal disease and if additional organ resection was necessary, specific notes were made. All pheochromocyroms in this study were arising from the adrenal gland and no extra adrenal or paraganglioma was included. Adrenal bed recurrence was not a criterion for malignancy. The metastases were documented in all malignant cases. Metastatic disease was defined as evidence of distant spread in tissue not normally containing chromaffin tissue i.e. bone, liver, lung or lymph nodes.
Biochemical testing and localization studies
Routine biochemical tests, evaluation of 24 hours urine catecholamine metabolites, abdominal computed tomography (CT) or magnetic resonance imaging (MRI) and/or 131 Iodine_metaiodobenzylguanidine (MIBG) were done too. The malignant pheochromocytoma was diagnosed based on presence or absence of metastasis in radiological or pathological report.
Genetic analysis 2.2.1 RET proto-oncogene mutation screening
Genetic screening tests were done in family members. RET proto-oncogene mutation screening for exones 10, 11, 13 ,14, 15, 16 were examined by PCR and direct DNA sequencing. In patient 1, 4 and 5: Exons 10, 11, 13, 14, 15, and 16 RET proto-oncogene were examined by PCR and direct DNA sequencing (Alvandi et al., 2007) .
VHL gene mutation screening
For VHL gene mutation screening, analysis of VHL gene was performed using Cruz et al protocol (Hasani-Ranjbar et al., 2009; Cruz et al., 2007) . Exons 1, 2, 3 of VHL gene was amplified by PCR with the following primers: 1F -5' CCATCCTCTACCGAGCGCGCG 3'; 1R -5' GGGCTTCAGACCGTGCTATCG2; 3 F -5' TGCCCAGCCACCGGTGTG 2; 3 R -5' GTCTATCCTGTACTTACCACAACA; 3F -5' CACACTGCCACATACATGCACTC 3'; 3R -5'ACTCATCAGTACCATCAAAAGCTG 3'. Both forward and reverse strands were subjected to direct sequencing after PCR amplification. (Hasani-Ranjbar et al., 2009 ).
Protein modeling
The PDB file 1LM8 and 1VCB were used in the modeling work in order to find the potential impact of the residue mutation on the protein structure. NCBI blast module was used to determine the degree of residue conservation. In silico mutation was achieved with Swiss-PdbViewer v.4 and minimization of the structure was done with the use of NOMAD-Ref server (http://lorentz.immstr.pasteur.fr/gromacs) (Lindahl et al., 2006) .
Results

Family 1
The index patient was born to non related parents of Persian origin, Presented with thyroid nodule at the age of 48 years. His past medical history was unremarkable. He had no history of hypertensive crisis or headache. His daughter has had medullary thyroid cancer. And total thyroidectomy was done for her at the age of 23. Fine needle aspiration biopsy in the father was compatible with MTC and preoperational screening for pheochromocytoma was in favor of bilateral adrenal mass. DNA was isolated from peripheral blood leucocytes using salting out method. Exones 10, 11, 13, 14, 15, 16 of RET proto-oncogene localized to 10q11.2 was examined by direct DNA sequencing. This resulted in identification of mutations in Exon 11, codon 634, TGC>CGC (Cystein>Arginine), which was indicative of hereditary MTC and Pheochromocytoma. The presence of this mutation was confirmed by sequencing of the complementary strand as well. This mutation was found in 2 other daughters and one of his sons and one of his nephews too. One of the daughters (Figure 2 , Patient 1) had thyroid nodule and complete evaluation was consistent with medulary thyroid cancer. Biochemical tests and radiological study for pheochromocytoma was done and the results were against adrenal mass. There was no evidence in favor of pheochromocytoma or Medullary thyroid cancer in three other RET proto-oncogen cariers. However total prophylactic thyroidectomy was done for all of them. 
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Bilateral adrenalectomy and then total thyroidectomy was done for the index patient ( Figure  2 , index patient). 2 years after bilateral adrenalectomy the patient presented with hypertention crisis and headache as he was on replacement therapy with prednisolon, Fludrocortisone and levothyroxine. Biochemical tests for pheochromocytoma and abdominal MRI was in favor of a 30 mm right adrenal mass. Evaluation for hyperparathyroidism was negative in all family members.
Family 2
Five sisters of Persian origin with grave clinical features of pheochromocytoma have been reported in our previous work (Hasani-Ranjbar et al, 2009 ). The index patient presented with cerebal hemorrhage and coma at the age of 29 years. After complete evaluation malignant metastatic pheochromocytoma confirmed and the patient was operated. Clinical manifestation of VHL, MEN syndrome and neurofibromatosis were negative in this patient and his family. Evaluation of other family members was consistent with malignant pheochromocytoma in four sisters. Bilateral adrenalectomy was done for them. 2 of these sisters died because of complication of pheochromocytoma.
Genetic analysis
Genetic analysis of VHL gene was in favor of this syndromic pheochromocytoma. Sequence analysis of VHL gene exons showed presence of a missense mutation (499C>T in exon 3).
Protein modeling
Arg 167 was found to be highly conserved among various species. Its mutation to tryptophan was observed to affect the hydrogen bondings of that residue within pVHL itself, and probably causing changes in the tertiary structure of the protein. In silico mutation of the residue and subsequent minimization of the Trp167 containing structure was performed and an overall RMSD of 0.519 A ° was obtained for the mutated structure with the use of backbone only, and 0.597 A ° with the use of all atoms. The most affected residue was found to be Leu 169 with RMSD of 1.902 (backbone) and 2.665 A °(all atoms). Figure 3 shows the position of Arg 167 in the pVHL tertiary structure (figure 3).
Family 3
A 45 year old man presented with abdominal pain and hypertension from 1 year ago. The patient was a known case of neurofibromatosis type 1 that presented at the age of 15 year with hyperpigmented and hypopigmented lesions in trunk, arms, feet and axillary areas. Family history was positive for neurofibromatosis in his mother and brother. Biochemical tests and imaging was compatible with malignant pheochromocytoma. The size of mass was 120*70 mm. Left adrenalectomy and nephrectomy and splenectomy were done for him. After surgery the symptoms improved and blood pressure was controlled. The patient had poor compliance in follow up. After 5 years he was admitted again for evaluation of hypertensive crisis. Again biochemical tests were consistent with pheochromocytoma and relapse. Imaging study and liver biopsy confirmed metastatic pheochromocytoma to liver and para-aortic area. 131I-MIBG therapy was done for him. 
Discussion
Here we present three distinct families with intra adrenal pheochromocytoma (Table 2) .
Abbreviations: VHL= von Hippel Lindau, MEN= multiple endocrine neoplasia, NF=Neurofibromatosis, Family 1=MEN2, Family 2= VHL, Family 3=NF, MTC=Medulary Thyroid Cancer, I131 MIBG = 131 Iodine_metaiodobenzylguanidine Table 2 . Genetic mutations and disease phenotype in the MEN 2, VHL and NF1 families.
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Family 1
The index patient in family 1 who presented with thyroid nodule diagnosed as MEN 2 syndrome according to MTC and pheochromocytoma. The patient had no symptom or sign for pheochromocytoma. It is obviously known that when pheochromocytoma is associated with the multiple endocrine neoplasia type 2 (MEN2) syndrome, symptoms are present in only about one-half of patients and only one-third has hypertension (Pomares et al., 1998) . Evaluation for primary parathyroid hyperplasia was negative in him and his family. In addition no mucosal neuromas on the lips and tongue were detected. The patient had MEN2B phenotype. As we mentioned before, MEN2B shares the inherited predisposition to medullary thyroid cancer and pheochromocytoma that occurs in MEN2A. There are, however, important clinical differences. Patients with MEN2B tend to have mucosal neuromas and intestinal ganglioneuromas. Many of these patients have development abnormalities, a Marfanoid habitus, and myelinated corneal nerves. Furthermore, the tumor is often more aggressive and of earlier onset than in MEN2A; as a result, early diagnosis and prevention for other family members was very critical (Donovan et al., 1989; Mathew et al., 1987) . Since MEN2B is caused by specific RET mutations we conducted genetic evaluation for categorization of the syndrome (MEN2A versus MEN2B) (Eng et al., 1996) . The clinical feature was matched with MEN2B which is actually more aggressive. On the other hand genetic evaluation was consistent with a known mutation related to MEN2A in which prophylactic thyroidectomy is recommend to be done in carriers later. As we showed in results we identified mutations in Exon 11, codon 634, TGC>CGC (Cystein>Arginine), which was indicative of MEN2A syndrome. The penetrance of hyperparathyroidism in those with mutations at this site is about 20 percent. Even with the same mutation the penetrance of hyperparathyroidism within families varies from 9 to 34 percent (Schunffenecker et al., 1998) .
Family 2
Family 2 is an unusual form of VHL syndrome with malignant intra adrenal pheochromocytoma and retinal angioma diagnosed as VHL type 2. Clinical manifestation of VHL, MEN syndrome and neurofibromatosis were negative in index patient and his family up to 9 years when retinal angioma was detected. All clinical manifestation and genetic and protein modeling methods have been described in our previous work which published in familial cancer journal (Hasani-Ranjbar et al., 2009) . In this paper we reported the presence of a novel single nucleotide mutation in exon 3 of VHL gene c499 C>T causing substitution of Arginine by Tryptophan at position 167 (R 167 W) (Hasani-Ranjbar et al., 2009 ). This family has been followed for at least 9 years as RET negative isolated familial pheochromocytoma, finally diagnosed as VHL disease according to retinal angioma and VHL gene mutation. As we noted before malignant pheochromocytoma is very rare in VHL disease and other familial forms of pheochromocytoma. Although clinical criteria were originally developed for the diagnosis of VHL based upon the finding of more than one VHL-associated tumor, now detection of a germline mutation in the VHL gene is typically used to establish the diagnosis, particularly in patients with a single manifestation of the condition (Lonser et al., 2003) . On average about 10 to 20% of patients with VHL disease develop pheochromocytoma, but this incidence varies dramatically from family to family depending on the specific mutation (Koch et al., 2002; Karsdrop et al., 1994; Lamiell et al., 1989; Linehan et al., 1995) In pheochromocytoma associated with von Hippel-Lindau disease, 35 percent of patients have no symptoms, a normal blood pressure, and normal laboratory values for fractionated catecholamines and metanephrines (Walter et al., 1999b) . In our report all patients had aggressive disease and only one of the family members was asymptomatic diagnosed as adrenal pheochromocytoma based on screening tests (Table2) (Hasani-Ranjbar et al., 2009) . Malignant pheochromocytomas are histologically and biochemically the same as benign ones. The only reliable clue to the presence of a malignant pheochromocytoma is local invasion or distant metastases, which may occur as long as 20 years after resection (Goldstein et al., 1999; Pattarino & Bouloux 1996) . A recent study showed high risk factors predictive factors of malignant pheochromocytoma include, large (5 cm or greater) or heavy (250 gm or greater) tumors, multifocal and extraadrenal tumors, early onset postoperative hypertension and higher plasma or urine metadrenaline (Feng et al., 2011 ). An initial report suggests that inhibin/activin beta-B subunit expression may help distinguish between benign and malignant disease; expression was strong or moderate in almost all benign adrenal pheochromocytomas (Salmenkivi et al., 2001) . Also, expression of the 3 angiogenesis or metastasis related genes VEGF, Cox-2 and MVD helps determine the diagnosis of malignancy and suggests strict followup (GimenezRoqueplo et al., 2003; Brouwers et al., 2006) .
Protein modeling
pVHL makes interactions with Elongin B and C, as well as HIF. The H1 helix of pVHL , where Arg 167 is located, is the interface between this protein and Elongin C, and a place where missense mutations occur frequently (Stebbinset et al., 1999) . It seems that Arg 167 is involved in the correct positioning of the H1 helix, and that its mutation can also affect the hydrophobic interactions of Leu 168 with neighbour residues of Elongin C. the overall result is the disruption of some pVHL interactions with Elongin C (Figure 3 ).
Family 3
Family 3 is a kindred with neurofibromatosis and a member (A 45 year old man) with hypertension diagnosed as malignant pheochromocytoma. Hypertension is a frequent finding in adults with NF1 and may develop during childhood but pheochromocytoma is a much less common etiology. In these patients, the catecholamine-secreting tumor is usually a solitary benign adrenal pheochromocytoma, occasionally bilateral adrenal pheochromocytoma, and rarely a peri adrenal abdominal paraganglioma . Although neurofibromatosis type 1 as an autosomal dominant disorder is the most common familial cancer syndrome predisposing to pheochromocytoma, the risk of pheochromocytoma in this disorder is about 1% (Huson et al 1989; Riccardi et al., 1991) . Pheochromocytomas in patients with neurofibromatosis type 1 occur at the fifth decade. Our patient was a 45 years old man with an unusual presentation of pheochromocytma. Currently, except for the presence of the SDHB mutation, large size or an extra-adrenal location of the primary tumor, there are no reliable markers for predicting a high likelihood of developing metastatic disease. Pheochromocytoma in neurofibromatosis is usually benign and unilateral. Based on genetic background our expectation before surgery was a benign non metastatic tumor. As we mentioned before, the patient had a metastatic tumor and after 5 years metastasis to liver and para-aortic lymph nodes deteriorated the clinical course of disease. It seems to us that large mass (as detected in this patient firstly) beside local invasion is a critical predicting factor to malignancy and may have the highest impact for detecting metastasis in future.
At first we treated the patient with surgical resection of the adrenal mass, but in follow up for treatment of distance metastasis the only available modality was MIBG therapy. Considering positive MIBG scan we predicted that the tumor could up take iodine. To date, beside surgery, 131I-MIBG therapy is the single most valuable therapy for malignant pheochromocytomas. Results of a phase II trial using high dose I131 MIBG demonstrated 22% partial or complete response and 35% of patients having some degree of response (i.e. biochemical) without demonstrated progressive disease (Gonias et al.,2009 ). For future our plan could be chemoembolization of the liver if there is persistent disease.
